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ABSTRACT 
Quantitative study of the microflora of 5 open and 5 closed comedones in each of 15 acne 
patients yielded anaerobic diphtheroids in 92 percent of lesions at a geometric mean density 
of 8.2 x 10 4 organisms per lesion. Open comedones (blackheads) contained higher numbers of 
yeasts and aerobic bacteria than closed ones (whiteheads). Study of individual comedones 
yields no more information than pooled samples. An association was found between severe 
acne and the incidence and density of Corynebacterium acnes group II. 
The presence of anaerobic diphtheroids and a 
white staphylococcus in acne lesions has been 
recognized since the early years of the century. 
Smith and Waterworth [1] extracted the contents 
of different acne lesions and crushed the material 
between glass slides. Cultures were made by emul-
sifying this material in saline. They found Coryne-
bacterium acnes in 57 and Staphylococcus albus in 
44 of 67 cultures. Shehadeh and Kligman [2] 
confirmed these findings, recovering both anaero-
bic diphtheroids and Staph. albus from 65 of 71 
comedones. They termed the flora of the acne 
lesions a "stable biad." A third member of the 
flora not mentioned by the above authors is a 
lipid-dependent yeast of the genus Pityrosporum . 
Ganor and Sacks [3] saw yeasts in 34 of 51 smears 
and commented on the difficulty in culturing both 
these organisms and C. acnes. 
Quantitative studies have previously used 
pooled comedones. Izumi et al [4] found from 2.5 
x 105 to 6.6 x 10' C. acnes per milligram and 
slightly lower densities of cocci, mainly Staph. 
epidermidis, in pooled open and closed come-
dones. 
In this study our concern was to determine 
quantitatively the microbial population of the 
individual open comedo (blackhead) ancl. closed 
comedo (whitehead) in the same patient. We 
wished to find out whether comedones differed in 
regard to the prevalence of the two groups of C. 
acnes now identifiable by phage typing and other 
characteristics [5]. We purposely studied small 
lesions which might be considered to be of recent 
origin and more likely to reflect the flora of the 
pathogenesis of acne. 
Manuscript received Sepember 7, 1972; in revised 
form October 7, 1972; accepted for publication October 
11, 1972. 
This research was supported by the John A. Hartford 
Foundation. 
* From the Department of Dermatology, University of 
Pennsylvania School of Medicine, Philadelphia, Penn-
sylvania. (Reprint requests to: Dr. Marples, Department 
of Dermatology, Duhring Laboratories, Hospital of the 
University of Pennsylvania, Philadelphia, Pennsylvania 
19104.) 
80 
MATERIALS AND METHODS 
Patients. The 15 patients (4 female, 11 male), aged 
14-23, had moderate to moderately severe acne; six were 
scored grade III and nine grade II on the basis of severity 
of inflammation. No therapy had been used for three 
weeks; the patients had been asked to eschew antibacte-
rial soaps for the same period. 
Lesions sampled. Five open and five closed comedones 
were studied from each patient. The skin was wiped with 
a gauze square moistened with 70% ethanol and the 
comedo expressed with a Schamberg extractor. It was 
then placed onto a tared aluminum strip and weighed on 
a Roller Smith precision torque balance. The sample was 
homogenized in a size AA Teflon/glass homogenizer (A. 
H. Thomas) using 1.2 ml of 0.1% Triton X-100 in 
phosphate buffer. Tenfold dilutions in half-strength wash 
·fluid and drop inoculations were carried out by standard 
procedures [4]. The media included: 
1. Trypticase Soy Agar (TSA) (B.B.L.) 
2. TSA with lecithin and 'Tween 80' (B.B .L .) 
3. Littman Oxgall agar (B.B.L.) 
4. Marshall and Kelsey agar: 10 gm milk protein 
hydrolysate peptone (B.B.L.), 5 gm yeast extract 
(B.B.L.), 10 gm beta glycerophosphate disodium (grade II 
Sigma), 10 gm dextrose (autoclaved separately), 38.4 ml 
stock sodium lactate (25% in water) (Fisher), 5 ml 
inorganic salts solution, 15 gm agar, water to 1000 mi. 
The inorganic salts solution contains: MgSO. · 7H,O, 4.0 
gm; MnS0 •. 4H,O, 0.4 gm; FeS0 •. 7H 20, 0.4 gm; water, 
100 ml; acidify with 2 drops of 10N-H,SO •. 
Aerobic plates were incubated at 35° C for at least 40 
hours and cultures for anaerobes for seven days. It is 
worthwhile noting that the two groups of C. acnes can be 
readily distinguished by colonial morphology on Mar-
shall and Kelsey's agar in about 97 percent of trials. 
Group I colonies were small, dome shaped, pale to yellow 
butyrous colonies, while those of group II were large, pink 
to brown, often conical with a matte surface. 
The quantity of each organism was estimated from all 
the plates. Representative colonies were subcultured. 
Among the aerobic bacteria, the cocci were classified 
according to the criteria of Baird-Parker [6] using the 
two-stage system of Izumi et al [4]. Gram negatives were 
identified from standard tables [7]. Aerobic diphtheroids 
were divided in lipophilic (enhanced by "Tween 80") and 
miscellaneous diphtheroid groups. From each sample one 
colony of each group of C. acnes was subcultured and 
tested for susceptibility to two bacteriophage suspen-
sions active against C. acnes group I. From each patient 
one of each morphologic colony type was also studied for 
biochemical characters. The characters given greatest 
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weight in distinguishing the two groups were indole, 
nitrate, gelatin, and sucrose [5]. 
Pityrosporum counts. Since Pityrosporum cannot be 
induced to grow quantitatively on primary culture, direct 
cell counts were made on the homogenates. A volume of 
0.18 ml of the homogenate was pi petted onto a circular 
coverslip (9-mm radius) resting on a cork support. This 
volume was sufficient to cover the glass surface without 
overflow. After drying, triple-strength Giemsa (Fisher) 
was added for one hour, then the coverslips were gently 
rinsed, dried, and mounted. The yeasts were counted 
under oil immersion using an eyepiece grid. The number 
per comedo was then calculated. 
RESULTS 
Weight of comedones. The average weights of a 
single comedo differed in the two types of lesion; 
open ones weighed 0.59 ± 0.07 mgm and the closed 
type 0.40 ± 0.04 mgm. The weights were spread 
over a narrow range and calculation of organisms 
per milligram gave a higher coefficient of variation 
than organisms per lesion. The weights were small, 
indicating the small size of the lesions sampled. 
Large open comedones may weigh as much as 5 
mgm. 
Microflora 
Major groups. The density of each of the three 
groups of organisms in open and closed lesions is 
shown in histogram form in the Figure. Samples 
from which any one of the three organisms was not 
seen were excluded from the calculations for they 
must represent technical errors. 
Aerobes were recovered from 85 percent of the 
lesions. The modal frequencies were 1 x 10 5 and 
3.2 x 10' respectively for open and closed lesions . 
The geometric mean densities were 3.9 x 10' per 
open and 1.1 x 10' per closed comedo. These 
values differ significantly (p < 0.01) (Table 1). 
Yeasts were seen in all but one preparation. The 
geometric mean was close to the modal frequency 
at 1.1 x 105 in open and 1.5 x 10' in closed 
comedones. This difference was statistically sig-
nificant (p < 0.01). 
C. acnes. Anaerobic diphtheroids were cultured 
from 92 percent of the lesions. The modal fre-
quency lay at 3.2 x 10' for open and closed 
comedo, but the geometric means were 6.7 x 10' 
and 1 x 10", somewhat lower because of the 
"tailing" of the distribution towards low numbers. 
The differences were not statistically significant. 
Subdivision of the Major Groups 
Aerobic flora. The most frequent aerobic orga-
nisms in terms of both incidence and density were 
coagulase-negative cocci which were found in 83 
percent of cultures and lipophilic diphtheroids 
found in 26 percent. Enterobacteria were found in 
8 percent of all lesions, mainly closed comedones 
(10 of 75). The coagulase-negative cocci were 
mainly Staphylococcus (85%), but some Micrococ-
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FIGURE. Frequency distributions of the numbers of 
organisms in open and closed comedones. Note logarith-
mic scale. Yeasts and aerobic bacteria were more numer-
ous in open lesions. 
TABLE I 
Incidence and mean density of positive lesions for the main microbial groups 
Open lesions (75) Closed lesions (75) All lesions (150) 
Microbial group Geometric Geometric Geometric Incidence 
mean 
Incidence 
mean 
Incidence 
mean 
Aerobes 58 (77%) 3.9 X 10' 69(92%) 1.1 X 10' 127 (85%) 2.0 X 10' 
Yeasts 75 (100%) 1.1 X 10 5 74 (99%) 1.5 X 10' 149 (99%) 4.1 X 10' 
C. acnes 69 (92%) 6.7 X 10' 69(92%) 1.0 X 10' 138(92%) 8.2 X 10' 
Group I 54 (72%) 5.6 X 10' 58(77%) 8.4 X 10' 112 (75%) 6.9 X 10' 
Group II 34 (45%) 2.1 X 10' 43(57%) 3.0 X 10' 77 (51%) 2.6 X 10' 
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TABLE II 
Incidence and mean density in positive lesions of C. acnes groups in moderate (grade 1[) and moderately severe (grade 
III) acne 
Open lesions Closed lesions All lesions 
Group I Group II Group I Group II Group I Group II 
Grade II I I 
Samples 45 45 90 
Incidence 41 (91 %) 15 (33%) 38(84%) 24(53%) 79(88%) 39(43%) 
Geometric Mean Density 6.2 X 10' 4.5 X 10 3 1.3 X 10' I 1.9 X 10' 8.9 X 10' 1.1 X 10' Gradelll 
Samples 30 30 60 
Incidence 19(63%) 38 (63%) 
Geometric Mean Density 
13(43%) I 
3.9 X 10' 7.2 X 10' 
20 (67%) I 19 (63%) 
3.6 X 10' 5.5 X 10' 
33(53%) I 
3.7 X 10' 6.3 X 10' 
cus strains were isolated. There was no difference 
between open and closed comedones in the inci-
dence of coccal types. 
Yeasts. Both morphologic forms of Pityros-
porum were seen. P. orbiculare was seen signifi-
cantly more often in open comedones (78%) than 
in closed (43%) (p < 0.01). P. ovale was found with 
equal frequency in both types of lesion, (81% of 
open and 89% of closed). 
Anaerobes. Group I C. acnes was more fre-
quently found (75% of all lesions) than group II 
(51%) and was more numerous. The geometric 
mean density per lesion did not differ significantly 
with the type of comedo (Table I). 
Severity of Disease and Microflora 
Retabulation of the results to display the results 
for the nine patients graded II and the six patients 
graded III on a 0-IV severity scale did not change 
the conclusions concerning aerobes and yeasts. 
Among the C. acnes, however, significant differ-
ences appeared. Table II shows that the incidence 
of C. acnes group II was significantly higher in the 
severe-grade patients and C. acnes group I was 
significantly more frequent in the milder cases. 
The number of each type in those lesions contain-
ing the organism showed the same pattern. The 
density of C. acnes group II was lower (1.0 x 10') in 
the patients with grade II acne than in the patients 
with grade III severity (6.3 x 10'). 
Bacteriophage effects. Lytic phenomena due to 
C. acnes bacteriophage in the samples were ob-
served on the streak plates containing many group 
I C. acnes. Phage could be detected in 30 percent 
of the samples from both open and closed come-
dones. Most detections were in the grade II acne, 
only 21 percent of the isolates coming from the six 
grade Ill patients. 
DISCUSSION 
In this study the recoveries of the major groups 
of organisms are in line with the results of earlier 
workers [1-4]. All three types of organisms, cocci, 
C. acnes, and Pityrosporum are found in the 
comedo. It is our belief that when, in a given 
comedo, a group is not found the failure is proba-
bly due to technical error, and that the incidence 
of the groups is really 100 percent in each lesion. 
The results are close to this for Pityrosporum and 
C. acnes, but only 85 percent for aerobes. The 
latter may be inadvertently killed by ethanol 
degerming. Minor species, including lipophilic 
diphtheroids and Gram-negative rods, were found 
in one-third of the samples. In the closed comedo 
the major group was C. acnes, but in the blackhead 
aerobes and Pityrosporum including P. orbiculare 
were distinctly more numerous. The distributions 
were basically logarithmic though with a tailing 
towards low numbers. Although care was taken in 
this study to examine only small, presumably 
young comedones, it must be repeated that black-
heads may become very large and the flora may 
evolve with ageing of the lesion. 
The organism that is probably most significant 
in the pathogenesis of acne vulgaris is C. acnes [8]. 
Significant differences were found between moder-
ate acne and moderately severe acne in terms of 
the two types. High densities of C. acnes group II 
were associated with the severe grade. Only further 
study will tell whether this finding is meaningful. 
It is interesting that group II C. acnes produces 
more lipase than group I (unpublished observa-
tions). This could mean that a follicle containing 
C. acnes group II might have a greater production 
of acnegenic fatty acids. Evidence from come-
dones is unlikely to clarify this point since hydrol-
ysis is virtually complete in all comedones. It is 
also possible to speculate that bacteriophage may 
be responsible for lowered numbers of C. acnes 
group I and thus intracellular principles other than 
lipase may be important. 
We thank Dr. A. Rebora for statistical advice and Miss 
S. Goldberg for technical assistance. 
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